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~ MEMORANDUM REPORT

for the
, Army Air Forces, Materiel Command 
MEASURENENTS OF THE FLYING CUALITIES OF
A BELL P-39D-l AIRPLANB (A.A.F, No. 41-28378)

By Haruld I. thuson, C. J. Liddell, and H, H. Hoover
INTRODUCTION

At the request of the Anmy Air Forces, Materiel Com-
mand, a flight. investigaticn of the flying quallties of
a standard Bell P-39D~1 alrplane was made by the NACA
at Langley Field, Va, The tests were conducted during
February and March of 1943 and consisted of 21 flights
reauiring a total flying time of approximately 23 hours.
The present report 1s a summary covering all data obtained
in the flying-qualities investigation.

The flight program, in general, was arranged in
accordance with that sugpeqted in the Army Air Forces
stabillity and control rejulrements (reference 1). _ For
convenience of the reader, the various items of sta-
bllity and control investigated are given in the order
of their presentation in reference 1.

ATIRPLANE

The Bell P-39D-1 airplane l1ls a ﬂingle-place, single~
engine, full-cantilever, low-wing, pursult-type alrplane
having partial-span, split-trailing-edge type landing
flaps and a retractable tricycle-type landing gear. Con=-
struction is of metal except for the fabric coverinrs on
control surfaces,  Power is supplied by an Allison V-1710-35
engine mounted below and behind the pilot's compartment
and is transmitted to the propeller by an extension shaft
running to a reduction gear box in the nose of the airplane.
Armament consists of -two 30-caliber guns in each outer wing
panel, two BO-callber guns on the cowl, and a 20~-millimeter
cannon firing through the propeller hub. Photouraphs
showing general views of the alrplane are reproduced in
figures 1, 2, and 3, respectively. A three-view drawing



of the airplane is shown in figure L together with eross-
sectional outline of each aerodynamic surface. Physical
dimensions of the airplane, airplane weights, and engine
power ratings are listed in the appendizx.

Relations betwéen cockpit control positiens and con-
trol surface angles are given in figures 5 through 7.
Figure 5(a) shows the variation of-stick angle with ele~
vator angle while figure 5(b) shows the variation of ele-
vator trim tab angle with the cockpit tab indicator
setting. Similar relations for the aileron control
system are shown in figures 6(a) and 8(b) and figure 6(c)
shows the gearing relations of the two balancing tabs
on each aileron.,” Only the inboard tab oh each aileron
is used for trimming. Figures 7(a) and 7(b) show the
gearing relations of the rudder ‘control and rudder trim
tab systems, resneotively.( S :

‘ INSTRUME I\:TATION

Items pertinent to ‘each phase -of the flying-qualities
investigation were meauured with the following standard
NACA instruments. :

Ttem B ' L 3 - NACA Instrument
1. Time ‘ Timér
2. Airspeced Airspeed recorder

Se Positions of the three con- Control-position recorders
trol surfaces I

4, Rollingﬁvelocity "” 47: "1Rblling-velocity recorder

.5« Normal, longltudinel, and -Three~comp0nent’récording
transve"se accelnratton . -dccelerometer and in-
. : - ndicgting accelerometer

6. Qldesllr angle . .;; "Yaw-ang1e recorder

7. Bank angle or pitch angle: Recordlng 1nclinometer

A}

B .Rudder pe@aljforCG”y" , ”"Rudder-forCG recorder




779, Stiek force iU @tew riStick-force recorder

oy

10. Free-air temperature : Electrieal resistance--
. oeiow 4ndiecator. . ooy
The airspeed recording installation included an NACA

free-swiveling static head mounted on the end of a boom
extending one chord-length ahead of.,the right wing at the
tip juncture and a shielded total-head mster located be- .
low and behind the static head. (See fig. 2.) Airspeed
was read from the service airspeéd indieator during the
aileron characteristics tests because the airspeed boom
was removed to elimlnate any possible:adverse. interference
effects on the right aileron. Both airspeed installa-
“tions were c¢allbrated for position error by flying by a
known static reference point as described in reference 2.
"Indicated airspeed" in miles per hour, as used in this
report, is 45.08/qe, where Q¢ 18 the difference between
static and total pressure in inches of water, as measured
"by the calibrated installations.

S Blevator positions were measured from a point on a
control cable close to the elevator and the measured angles
were corrected for cable stretch, Alleron angles were
measured directly at the allerons. Rudder angles were
measured from a control cable within a few feet of the
rudder so that any error due to cable stretch is belleved
to be negligible.

Throughout the present report, elevator and rudder
angles are given with respect to the thrust axls. The
aileron angles are given with respect to their neutral
positions. :

The recording accelerometer was located about 6 fzet
ahead of the center of gravity so that angular accelera-
tions affected recorded linear accelerations. Wherever
absolute values of acceleration were used in analyzing
data, however, the effect of angular acceleration was
negligible. - : . -

Sideslip angles were measured by means of a small
vane mounted at the end of a boom extending one chord
length ahead of the left wing at the tip juncture,
Although no straight-flight calibration of the sideslip
vane was made, it can be assumed from previous calibra=
tion of similar installations that the error in measur-
ing a given sideslip angle does not sxceed t20 and that
the variations of sideslip angle at a given speed are
essentially correct.

,



Indicating instruments were used to dsts srmine free-
air temperatures and altitude. Indications of an elec-
trical resistance-bulb type thermomseter wers corrected
for the adiabatic rise to obtain fres-~air itemperature.
The service altimeter was calibrated prior to the tests
in order to determine correct pressure altitude.

TESTS, RESULTS, AND DISCUSSION

A. Longitudinai Stability‘and‘Control.Charabteristics
(1 A) DynamLc Lnngltudnnal Stablllty-

The dynamic ‘stability was rested at 1ndlcated alr-
speeds of 210, 265, 315, and &75 miles ver hour with the
flaps and gcar up and tbe center of gravity at 25.1 per-
cent of the mean aerodynamic chord. The dynamic sta-
bility was not investigated at maximum limit diving
speed (Vi = 468 mph) as suggested by refsrence 1. Tests
were made by abruptly deflecting and releasing the ele-
vator in both directions. Typ:cal time histories, one of
a pull-up and one of a push-down, are shown in figure 8.

Results showed that the Stick—free longitudinal
short-psriod oscillations always damped out completely
in less than two cycles as required by refersnce 1.

(2-A) Static Longitudinal Stability:

The static longitudinal stability was measured with
the center of gravity at 25.1 and 30.2 percent mean
asrodynamic chord with flaps and gear up Ixtension
of the landing gear resulted in a Porwawd shift of the
center of gravity of 0.8 percent mean asrodynamic chord.
Gross weights at take-off corresponding to these center-
of-gravity locations were 7800 pounds for the forward
position and 7600 pounds for the rearward oosition. The
effect of fuel consumption on center-of-gravity location
was found to be very small - and, hence, was neglected.

For purposes of analysis, average weights during'a'flight‘
were assumed as 7620 and 7420 pounds for th: forward

and rearward center-of-gravity positions, respectively.,
Conditions in which the alrplane was tested and figures
that show the data obtained for both center-of-gravity
positiong are listed in table I,




| 9T H UOT3FTPUOd UT (8H *ut g*uLe
se Juiqles qey swesg|‘wdr 009g) pegwijusodsd QT (umod | umoQ JJo-2oABl *H
ST udu 09T = FA SUTTPT eulduyg umog | umo( BurpueT *5
ydm e = A ! yoeoadde
$1 ydm 02T = FA a® QUITTI ToAST JICJ Jemod jumog| umoQq SuIpue] °Jd
*Y UOTRTpuUcCL UT
eT §8 FUT13198S QrY} OWES SutTpT eutdud dno | dn SuIpIIy *4d
(33 00086

21 JUSTTI 38 85 *ut 93 ‘wda Q09T) efusa umu

TeABT JI0F peadg oBura umwIx®vW J0J Jemod) dn dn  =TXBU FUISINID *d
FUITTLT (33 000°0T %®e SH °ul Tg ]
1T TeAdT JoJ psedg ‘wda pogg) Ppeaea ausodoasd gl dn an FUISINI) *D
QWTTO JO 83®I 3886Q (33 000°0T 23® BH °*UT 2°.LZ .
0T }og peeds sjewtxoaddy| ‘wda Q09g) Pojed queodsd 00Tl dn dn SUTQULITO *d
IUITTT (3 000°0T 2® JH *UT Z*Lg peeds qUITTI
"6 TeasT £0J Deedg ‘udx 009z) pegwa queoasd ootTt do | dn -ToAe] UMWTIX®BY 'Y
*0
mmsww@ psods wWILL . demogd Jesnil sdetd uoT3ITPUOD
83189[ %pwﬁﬁpm@m.ﬁmcﬂvﬁpﬂwsoq 071®3S T-A6g~-d 40J SUOTFTPUO) oUBTdITY
I HIdVdL
- » . '



In addition to figures 9 through 16, which show sta-
bility in the form of slevator angles and stick forces
required for trim at varlous indicated alrspeads as well
as corresponding directioral trim characteristics whers
available, figure 17 presents an analysisc of the static
longitudinal stability. In obtaining figure 17, sle-
vator angles (56) and elevator stick forces divided by
impact pressure (F/ge) were first plotted against 1ift
cosfficisnt (CpL). The slcpes cf the resulting curves
were then measured and plotted against center-of-gravity
position as shown in figure 17. The slopes of thsse
curves were measured at two lift coefficients for cach
alrplane condition. These 1ift coefficients were
Cr, = 0«8 and the C; at trim for the flap-up, gear-up
conditions and Cp = 1.2 and the C; at trim for the
flap-down, gear-down conditions. In figure 17, ‘ths
stick-fixed neutral points are the center-of-gravity
positions at which (d8g/dCy) is. zero; similarly, the
stick-fres neutral points ars the centersof-gravity
positions at which d/dCL (F/ae) 1s zero. '

Sevaral points of intersst are apparent from an
examination of the figures. Figures 2 through 16 and
figure 17 show that in the high-spsed range a rapid
increase in stick-free stability is experienced with
Increasing speed. Possible explanations for this
characteristic include slevator fabric bulging and
distortion of the horizontal tuil nlans. In the low-
speed rance, where the stahility characteristics were
nearly lineer and, hance,were hetter definzd, the data
for the flap-up, gsar-up conditions show that the loss
in stability due to freeing the elevator is a shift in
the neutral point of abkout 3 percent mean aerodynamic
chord. The loss in stability due to freelng the sle-
vator with flans and rear down is move difficult to
determine because of the smsll variaticns in stick
forcs expsrienced. ‘ '

The requirements of referernce 1 state that, for
a dsfinite speed range, depending on the airplane
condition, the curve of elevator angle agalnst spesd
must have a stable slope and the curve of elevator
stick force against speed must cross zero only once and
then with a stable slope - thils heing with the most
rearward permissible centsr-of-gravity position. The
most rearward csnter-of-gravity position tested was
0.8 percent mean asrodynamic chord forward of the most
rearward nermissible position (31.0 percent mean aero-
dynamic chord) listed in Army Air Forces Technical




Order No. 01-110FE-l. . When the data of figures 10

to 15 (conditions covered in reference 1} for the
center-of-gravity position of 30.2 percant mean aero-
dynamic chord are compared with the regquirements, the
following conclusions may be drawn: (Note: In con-
ditions where stick forces were never zero, resort was
made to figure 17 for determlnatlon of the stick-fres
stabillcy ) .

1. Climbing sondition (fig. 10)

" The airplane was stable both stick-rixed and stick-
free from SO to 120 percﬂnt of the speed for hest rate
of climb (V =160 mph) in compliance with the require- .
ment,

2. Cruising condition (fige. 11)

The airplane was stable both stick-fixed and stick-
free at all speeds tested down to the snesd for best
rate of climb.  The data indicate that the stability
would continue to be positive through maximum permissible
diving speed (Vg4 = 468 mph), thus satisfying the require-
ment. . ' ' : :

3. Cruising maximum range (fig. 12)

. The airnlane was stable stick-fixed but slightly
- unstable stick-fres betwesn the speed for best rate .of
climb and the stalling s»eed. Hence, the reguiremesnt
was met with the stick fixed but not w1th the stick
free,

.

4. Gliding or diving (fig. 13)

. The airplane was stable both stick-fixed and stick-
free from maximum level-flight speed to the highest
Speed tested. It appears that the stability would bs
positive through maximum permissible diving speed o ‘
(Vi = 468 mph), thus complying with the requirement. !

5. Landing—approach condgition (fig;'lé)

The airplane was stable stick-fixed but unstable
stick-free at all permissible speeds down to 120 per-
cent of the stalling speed. The requirement was
therefore met with the stick leed but not with the
stick free, ' ‘ ' ‘



6. Landing condition (fig. 15)

The airplané was stable both stick-fixed and stick-
free at all permissible speeds down to the stalling speed
in compliance with the requirement,

Two, airplane conditions not included in reference 4
were also investigated. These were the maximum level-
flight speed and the wave-off conditions, Results of
these investigations are: shown In figures 9, 16, and 17,

(2-A) Longitudinal Control:
1. Elevator-control characteristics in turning.flight

The elevator-control characteristics in turning
flight were investigated in the flap-down, gear-down,
power-off condition and the flap-up, gear-ur condition
with normsal rated nower, Turns were made by the so-
called "wind-unp" procedurs in which a chosen normal
acceleration (shown by an indicating acceleromster) is
quickly reached and held constant while the speed is
decreased slowly until the stall occurs. The power-
off landing-condition turns were entered from trim at
Vs = 150 miles per hour and the rated-vowsr clean condi-
tion turns were sntered from trim in high-spesd level
flight (V4 = 280 mph), Data for the landing condition
were analyzed only to obtain ths elevator ansles re-
guired to stall the airplane, Data for the clean condi-
tion arg shown in figures 18, 19, and 20. Figure 18
shows the elevator angles required to trim in turns as
a function of 1lift coefficient for ths two conter-of-
gravity positions tested. Figure 19 shows the vari-
ation of change in stick force with change in normal
acceleration for the two center-of-gravity nositions
tested., Figure 20 gives a summary of these charac-
teristics by showing the varilation of the munsuvera-
bility criteria with center-of-gravity position. The
figure also shows how the measured values compare with
the limits specified by referencs 1 '

The elevator contrel characteristics in turning
flight may be summarized as follows:

{a) The fact that only 12.5° up elevator was re=-.
quired to stall the airplane at various sneeds during
turns within the permissible speed range with flaps and
gear down, vowsr off, with ths center of gravity at




24,0 percent mean aerodynamic chord, indicates that the
elevator control is sufficient to attain the maximum
1lift coefficient at all spezds with the most forward
permissible center-of-gravity position (23,0 percent
mean asrodynamic chord% In the clean condition,

the requirement was even more easily met as is indicated
by figure 18.

: (b) With the airplare in the clean, rated-power
condition, balanced at the normal center-of-gravity
position (30.2 percent mean aerodynamic chord), the
stick movement requirsd to change from a Cp of 0.2 -
to CLmax (approximately 1l.4) during turns was only

1.0 inch. (See fig. 20.) With the center of gravity
at £3 percent mean asrodynamic chord, the stick move-
ment was 2,7 inches.

(¢c) The change in normal acceleration was approxi-
mately proportional to the change in zlevator stick
force as recommended by reference l. (See fig. 19.)

(d) By extrapolating the data of figure 19 to an
8g turn, the elevator stick force per unit normal
acceleration with the normal center-of-gravity posi-
tion (30.2 percent mean serodynamic chord) was about
1.8 pounds per g as compared to the minimum require-
ment of 2 pounds per g. (See Ffig. 20.)

2. Elevator-control characteristics in landing

Elevator-control characteristics in landing were
investigated by making sevsral flap-down, power=-off
landings at each of ssversl center-of-gravity positions.
In these landings, the airplane was held off the ground
‘as long as pos51ble by use,of the elevator control.

Data are presented only for cases in which the airplane
attitvde at impact was véry close to that of the stall.
The elevator angles measured at ground contact ars
plotted as a function of center-of-gravity DOSltion

In figure 21. :

Reference 1 requires that the elevator be capable
of holding the airplane off the ground at 105 percent
of the stalling speed with the center of gravity at
its most forward position. Figure 21 shows that this
requirement is easily met by the P-39D+1 airplanse.
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Elevator stick forces at landing were desirably small,
these forces ranging from 3 to 7 pounds in all landings
made (pllot‘s elevator tab con+rol set 4 graduations
noss up).

3. . Elevator-control characteristics in take-off

Elevator control in take-off was investigated LY
holding the elevator in its full-up positicn and deter-
mining tihe spesd at which ths nose wheel rose from the
runway for csnter-of-gravity positions of 4.5 and
20e¢4 percent mean asrodynamic chord.

The spezds at which the nose wheel rose were 8o
small that accurate detar'inatlon of them was difficulte.
Eowsver, it 1s known that these speeds never exceeded
o0 miles per hour; and, on the basis of the data ob-
tained, it is certain that ths noss whesl can be ralsed
with the most forward center-of-gravity DOSlulOﬂ (23.0 per-
cent mean serodynamic chord) at 2 sneed well under the
maximum spsed (Vi- 70 mph) allowed by refersnce 1l.

4, Longitudinal-trimming-control characteristics

The effectiveness of the elevator trim tab was
determined by making static longitudinal stability runs
with the elevator tab at its extreme positions for
thrze airplane conditions with one center-of-gravity
nosition,. Results from these tests arse nressnted in
figure 22, where the stick force per degree tab deflec-
tion is plotted as a function of indicated airspecd.
Direct tests were not made to determine speed ranges
in which the elevator stick force could be entirely
trimmed out; so the capabilities of the elevator tab
wers determined from tab-effectivensss data (fig. 22),
static-stability data (figs. 12, 13, and 15), and the
indicator-tab relation (fig. 5(b)). The C&Oabljltles
of the slevator trim tab combare with the roqLLremaqts
of reference 1 as follows

(a) With flaps up, gear up, power for level {light,
and center of gravity at the most forward or rearward
position, the eslevator stick force can be trimmed to
zero at any speed between high level- fllght speed and
120 percent -of the stalllng speed,

(b) With flaps and gear up, power off, and the

center of gravity at the most forward or ;éarward
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position, the elevator force can be trimmed to zero at
all speeds between. high level-flight speed and the
maxi?um permissib le dlvinp speéd (fwom txtrapolated
data -

: (c) With flaps and gear down, power off, and the
'centsr of gravity at 1ts imost forward position the
minimum speed at which the elevator Tforce can be ‘
trimmed to zero is not higher Lhan 140 pelcont of the -
stalling speed.

The changes in stick force Y'equir'ed to rflm at
140 percent of the flap-down, gear-down, power- off
stalling spesd (1.4 Vig = 125, mph) with changes in

flap setting, gear setting, and power are shown below:

Klevator stick force

Flaps @ ‘Gear Power . required for .trim, 1b
Up Up  Normal rated . 0 -
Up . Up off ‘ pull

Down Down  Normal rated v 3 rull

Down, Up Normal rated 1 pull

Down Down ore ‘ 245 pull

It is immedlately apparent that thsse desirably

small trim changes are far below the maXqum allowable
force change of &5 pounds given in reference 1.

The elevator trim tab would retain any given
setting indefinitely as is required. '

S5« Pitching moment due to sideslip .

Tne pltching moment due to sideslip was such that
more than 1° up-elevator movement wasg required to trim
when . the rudder was moved to 5° right from its straight-
flight position corresponding to zsro angle of bank with
rated power, either flaps up or flaps down.- For all
other conditions, less than 1° elevstor was required
for 59 rudder deflection. The data for these deter-
minations were obtained during tests of the statiec
lateral and directional stability and may be seen iz
the figures for this item-(figs. 25 through 38).

No tests were made to determinv the piltehing
moment due to sideslip at 95 pewcen+ 01 the maximum
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permissible diving speed. At the highest speed at which
sideslips were made, however (Vi = 330 mph), a pull stick
force of 14 pounds was required to offset the pitching
momsnt due to the sideslip caused by a left rudder force
of 180 pounds. (See fig. 29.) It appears that a much
higher pull stick force would be required to maintain
longitudinal trim with a right rudder force of 180 pounds
at the same speed because of the unsymmetrical rudder-
force characteristics,

B. TIateral and Directional Stability and Control
(1-B) Dynamic Lateral and Directional Stablility
a., Spiral mode

~ The P-39D-1 airplane was somewhat unstable in the
spiral mode as 1s the case with most airplanes. No
specific tests weré made to determine the degree of
spiral instability, but, according to pilot's opinion,
the spiral divergence was mild in straight flight at
the speed. for maximum L/D at design gross wsight,.
On this basis, the requirement of reference } 1s
satisfied, -

b. Short-reriod oscillation

The short-period contreol-free latsral and direc-
tional oscillation was investigated with flaps and gear
up, using power for level flight or rated power in dives .
at speeds differing successively by about 50 miles per
hour through the range Vi = 150 to Vg = 380 miles per
hour, At each speed, disturbances were initlated by
abruptly deflecting and releasing the rudder and ailerons
separately. Typical time histories of airplane and
control motion during and after these disturbances are
shown in -figure 23 for the lowest and highest speeds
at which tests were made, When the lateral and
directional oscillation characteristics of the P-39D-1
airplane are comparsd with the requirements for damping
given in reference 1, pertinent resvliis are:

1. The lateral oscillation always damped to less
than one~half amplitude in two cycles at all speeds
between that for.maximum L/D and the highest speed
tested (V4 = 380 mph). The average time to damp to
one-~half amplitude was approximately one cycle, no
consistent variation of this value with indicated alir-
speed being noted.
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2. The oscillations o both the rudder and the

ailerons were complstely dampsd within one cycle. The
rudder always recurned to 1ts trim position but the
aillerons did not. Aileron ovarbalance throughout the

level-flight spsed range and the control-system friction
of about 2 pounds were resvonsible for this unsatis-
factory characteristic, Pigure 23 clearly shows that
the ailerons remained in a deflected %tate after release
at Vs = 154 miles per hour.

(2-B) Static Lateral and Directicnal Stability
1. Yawing moment due to sideslip

The yawing moment due to sideslip with rudder fixed
was investigated by making full-deflsction aileron rolls
while hclding the rudder in its trim »nosition and noting
the maximum angles of adverse yaw resulting from rolling.
Both the clean and the landing conditions of flight were
investigated with powsr off and power for level fiight
at speeds about 20 percent greater than the resps ct1vp
nower-off stalling spseds. Data from thess maneuvers
are shown as time histories in figure 24, Significant
results are:

(2) The maximum adverse yaw angles resulting from
use of full aileron control 1wav3 wers, or were
estimated to be, less thau the 20° maximum allowsd by

refersnce 1.

(b) The decrsase in rolling velocity from its
maximum, duve to yaw caussed by rolling, was desirably
small.,

The yawing moment dus to sideslin, as indicated
by the variation of rudder angle with sideslip angle in
gszentially steady sideslivs, was investigated at various
speeds in four differsnt airplans configurations instead
of the thrss test conditiocns specified in reference 1.

A1l sideslips were made according to the following
procedure. From a trimmed condltion in straight
laterally lsvel flight at a chosen indicated airspeed,
rudder was slowly applied in coordination with the amount
of aileron and elsvator control necessary to maintain a
straight flight path and approximately constant indicated
airspeede. The rate of yawing was restricted to about
1° per second or less in all runs. Data were cvaluated



14

at

2-second intervals from synchronized records of

control vositions, control forces, bank angle, sldeslip

angls,

and indicated airsneed.

Particular alrnlsne

conditions and spesds chosen for testing together wlth
figures showing the data obtained are listed in table IiT.

TABLE I1

Conditions for P-39D-1 Sideslip
ndicated|Figure
Condition |FlapsjGear Power airspeed|number
(mph)
Clean Up Up Normal ratsd 110 25
(2600 rpm, 37.2 in. Hg.) 185 26
210 21
255 28
230 29
Clean Up Up ore 110 30-
150 31
g 205 32
Landing Down [Down| = Normal rated 115 33
, (26C0 yom, 37.2 in. Hg.) 140 34
Landing Down | Dowm off 115 35
140 36

The data of figures 25 through 36 have been summarized
in figure 3% which shows, quantitatively, the variation
of static lateral and dirsctional stability with power,
flap deflection, and indicated airspeed, the items shown
being measured at straight flight trim with zero angle of

bank.

The yawing moment due to sideslip, as measured by
the variation of rudder angle with sideslip angle, was
always in the correct direction except at the lowest speed
tested (V4 = 110 mph) in the clean condition, either with

rated pawer or nower off.

In Loth of these conditions,

there was a rangé of sideslin angles where the rudder-
£ixad directional stahility was neutral (figs. 25 and 30).
With the abLove exceptions, the sideslip angle was always
nearly proportional to the change in rudder angle firom

In all tests
whers more than 15° sideslin wasg reached, an iacrease in
rudder angle always resulted in an increase in the angle

tyrim fcr angles of sideslin between ¥15°,
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of sideslip in the range above 150 of sideslip. Full
rudder deflection (35° right, 27,50 left) was never
reached during the sideslip tests. Figure 37 shows how
the rudder-fixed directional stability at normal straight-
flight trim varies with power, flap deflection, and in-
dicated alrspeed. :

The yawing moment due to sideslip with rudder free,
as indicated by the variation of rudder pedal force with
sideslip angle at any glven speed, was unsatisfactory
in the rated-power conditions with flaps up or down at
low and moderate speeds. In laft sideslips there was
no definite force gradient while in right sideslip the
pedal force began to lighten at about 15° sideslip.
Furthermore, rudder-force reversal either occurred or
was imminen% in sideslips to either direction at low
speeds with rated power (figs, 25, 26, 33, and 34).

The force reversals were encountered at fairly large
angles of sideslip, however, and the reversing forces
were manageable,  In the power-off clean condition at
V4 = 110 miles per hour, the rudder force gradilent was
zero in the range of sideslip angles where the rudder-
fixed directional stability was nesutral (fig, 30).

For all other power-off conditions tested, rudder-force
characteristics were satlsfactory.

2. Rolling moment due to sideslip

The rolling moment due to sidesllp (ailerons fixed
and free) was measured in the sideslip tests outlined
in table II above. Results are shown in. figures 25
through 36, The varlation of the dihedral effect, as
‘measured at normal straight flight trim, with indicated
airspeed is gilven in figure 37. : '

The rolling moment due to sideslip.(stick-fixed),
as nieasured by the varlation of aileron angle with
sideslip angle, was always in the correct direction in
right sideslips although it became marginal at large
angles of sideslip. In certain ranges of left side~
slip with rated power at low speeds, flaps up or down,
the stick-fixed dihedral effect was neutral or .slightly
negative (figs. 25, 26, 33, and 34). As shown by fig-
ure 37, the stick-fixed dihedral effect at. trim for zero
bank angle was always in the correct direction. The
rolling moment due to sideslip (stick-free), as measured
by the variation of alleron stick force with sideslip
angle, was in the wrong direction in all test conditions
at speeds below about Vi = 200 miles per hour.
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The rolling moment dué to sideslip resulting from
abrupt ailercn deflections, rudder fixed, was never so
great that a reversal in rolling veloc1ty occurred.
This is 'in accord with the requirements. -Data illus~-
trating-the effect on rolling velocity of the yaw due
to ailsrons for critical low-spsed flight conditions

may be found on figure 24.

- 3. Side ‘force due to Sidesllp

‘The varlatlon of side force w1th 31desllp angle
was determined by measuring angles of bank during all
the s1aeslip tests outlined in table II and the results
are shown in figures 25 through 36. The effect of
oower, flaps, and spéed on the side force mear normal
straight- fllght trlm (zero oank angle) 1s shown in
figur C3Te

Reference 1 requires that the side force should
always be such that right bank accompanies right side-
slip and left bank accompanies 1left sideslip. ‘The
P-Z9D~1 airplane definitely satisfied the requirements
foer all flight conditions tested.

(2-B) Static Dirsctional and Lateral Control:
1. Rudder control

The ablllty of the rudder to oOvercome the adverse
yaw resulting after the ailerons were abruptly moved
from trim to their fully deflected position was in-
vestigated by making simulated turn entries in which
enough rudder control was used to maintain zero side-
3lip. These tests were made with flaps and gear
down using power for level flight at about 120 percent
of the power-off stalling speed, and with flaps and
gear up using power for level fllght at about 120 per-
cent of the power-off sballlng speed.

The requirements state that the rudder control
'should be capable of neutralizing the adverse yaw and
that rudder pedal forces necessary to accomplish this
~should be under 180 pounds.s The PRP-39D-1 alrnlane
complied with these requirements., The adverse yaw
could bs completely offset by using about half of the
“available rudder deflection from trim., Corresponding

rudder pedal forces were drowox1ma+61y lOO pounds.

The rudder gave sufficisnt directional control to
maintain straight ground paths during normal talze-offs
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and landings with rudder pedal forces much lower than
180 pounds. These characteristics are in direct
compliance with those requited.

The variation of rudder forcs irequired to trim in
stralght flight with indiceted airspeed when the rudder
force was initially trimmed tc zero at meximum level-
flight spsed with normal rated power is shown in fig-
ure I8, This flgure includss the rudder-force vari-
ation for the power-off condition with the same trim
tab sett*ng. Dy extrapolating the rated-power curve
to maximum permissible diving soeed (V4 = 468 mph),
it is ssen that 60 to 70 pounds push on the left pedal
would be reguired to trim. This 1s well within the
180~pound maximum allowsd by reference 1. When the
power was reduced from rated power to power off at
high level~flight speed, a left pedal force of about
60 pounds was required to maintain straight flight.
The minimum speeds at wnlch the rudder force could
. be entirely trimmed out in straight latsrally level
flight using rated power were V4 = 123 mlles per hour
with flaps and gear up and Vi = 138 miles per hour
with flaps and gear cown,

The rudder-contrcl characteristics of the P-Z9D-1
airplane, in gsneral, were considered good.

2. Lateral control

The ailleron control characteristics were deter-
mined according to the usual NACA procedure. The
airplane was trimmed in lattrally level steady f{light
at a chosen power and svsed; then the ailerons were
abruptly deflected a desired amount while the rudder
was held fixed in its trim position. Data were .

evaluated on the hasis of the maximum rolling velocity
~attained in any given roll and the corresponding aileron
stick force.

Preliminary tests at low speeds gave indications
that high stick forces would not provide insurance
against dangerous aileron deflsctions at high speeds.
Hence, an analysls of the aileron strength was made in
order to establish a relation betwesn permissible
aileron deflections and indicated airspeed. Figure &9
presents the relation determined in self-explanatory
fashion.

Airplane conditions used in the ailsron tests are
listed by number in table IIT according to the order in
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which the results will be discussed. Note that refer-
ence is made to the figure presenting the results for
each test condition.
TABLZ ITT
Airplane Conditions for Alleron Control

Characteristics Tests

NP . Figure showing
Cgﬁgggion: Power Flaps|Gear Ig?;gig:g results
' ' e obtained
1 Level-fllght |Down |Down 109 40
2 Level-flight {Down {Down 140 49
6] level-flight| Up Up 113 41
4 Level-flizht} Up Up 160 42
5 Level-flight| Up Up 210 43
6 Level-flight| Up Up 260 44
7 Mormal-rated| Up Tp 210 45
e Normal-rated| Up Up 350 46
9 Normel-rated| Up Up 410 47
10 off Down |Down|. 95 48
11 orf Down |Down 1Z5 48
12 orf Up Down 100 49
13 orfe Up Down 150 49

Ths curves obtainsd by fairing the data collscted in
the tests made with flavs &end gear up (conditions 3
through 9) have been duplicsted -on a common set of axes in
figure 50 to show the effect of speed on allsron charac-
teristics. Mgure 51 summarizes the data for the clean
condition in the form of aileron angle, rolling velocity
at 10,000 feet, and pb/2V available for stilck forces of
both 30 and 50 pounds plotted against indicated airspead.
At speeds above 210 miles per hour, ths summary figure
is hased on extrapolations of the deta given in figure 50
to stick forces of 30 and 50 pounds or to full aileron
deflection. These extrapolations wers necsssary at
speeds above Vi = 210 miles mer hour becauss it was
usually possible to reach the calculated permissible
alleron deflections with stick forces slightly under
30 pounds.
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4 The alleron control characteristics of the P-39D-1
airplane may be summarized as follows: :

(a) The maximum rolling velocity obtained from abrupt
deflections of the aileron control varied smoothly with
and was abprox1matelv proportional to ailleron deflec- .
tion from trim in all specified conditions (covered by
conditions 1 through 9 in table III).  The allerons

‘were overbalanced in the level-flight speed range, this

overbalance covering a progressively smaller percentage
of the total aileron travel as the speed increassed. . -
(See figs. 40 and 50.) . Abhove maximum level- Flight
speed (V == 280 mph) the overbalance.disappeared entirely
and'ths-variation of control force with alleron deflec-
tion became satisfactorily smooth.

(b) At approximately 120 percent of the respective
power-off stalling speeds with flaps and gear up or
down, gradients of aileron control force with deflection
wers such that the ailerons would tend to increase their
deflection if releassd from an initial position near trim
eilther while maling aileron rolls or steady sideslips.
Although the friction of about ¥2 nounds in the aileron
control system tends to make the ovarbalance less
obgectlonable, the adverse stick forces were commsnted
on by the pilot in these maneuvers. Furthermore, when
high normal accelerations were reached during recovery
from rolls at Vi = 210 miles per hour, the stick tended
to whip violently from one side to the other. Whe ther
this was a manifestation of the overbalance accompanying
high angles of attack and accentuated by the higher
speed or whether the effect resulted from yaw due to
rolling. is not known.

{c) The time required to reach maximum rolllng
acceleration after full aileron deflsction was reached
in the rolls for conditlons 1 and 3 was extremely small.
It is known that these time increments were much less
than the maximum allowable given by refarsnce 1. The
variation of rolling accelsration with time was always
in the correct direction up to the time of maxlmum
rolllng velocity.

‘(a) With power off, gear down, and flaps either up or
down at 110 to 150 percent of ‘the respective power-off
stalling speeds, the ailerons were not sufficiently

’effective to meet the requirements.  In thesse conditions,
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full aileron deflections to both right and 1eft produced
average values of pb/2V of between 0.06 and 0.0€5 as
compared with a specified minimum of 0.07 (data shown in
figs. 48 and 49).

Wiith flaps and gear up, the rolling velocity
obtained by abrupt full deflection of the ailerons at
all speeds between 110 percent of the power-off stalling
speed and the speed at which a stick force of 50 pounds
would be reached was such that pb/2V was approximately
0.06 as compared with the minimum requirement of 0.09
(fig. 51). The speed at which a stick force of 50 pounds
would be required to hcld full aileron deflection was
about 240 miles per hour indicated airspeed, which is
somewhat in excess of &0 percent of maximum level-flight
speed.

Aileron effectiveness at .speeds approaching the
maximum permissible diving speed was not investigated
because of structural deformation and bulging of the
alleron at speeds in excess of V3 = 410 miles per hour.
These phenomena are believed responsib]e for the loss
in pb/2V .of about 20 percent for a given aileron
deflection at this speed The bulging of the aileron
fabric at V; = 410 m'les per hour was determlned by
visual observVation from the cockpit.

With flaps and gear down, power off, at 110 percent
of the stalling speed, pb/2V for full alleron deflec-
tion was such that the product px b was equal to
about 18 feet per second as compared with a minimum
requirement of 10 feet per second.

The aileron trim-force characteristics were deter-
mined by trimming the alirplane for zero stick force at
maximum level-flight speed with normal rated power and
then obtaining continuous records of the aileron stick
force as the airplane's speed was slowly changed from
slightly -above that of the stall to Vi = 410 miles
per hour in laterally level flight. One‘run was made
with rated power and one with power off using the same
tab setting. Data from these tests showed that the
aileron trim force change with power or speed was
negligible (under 2 pounds) for speeds up to V; = 400
miles per hour. At V. = 410 miles per hour, however,

a sudden erratic chang? in trim occurred requiring a left
stick force of between 5 and 8 pounds. This phenomenon may
have been caused by the distortion of the aileron fabric
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previously mentioned. Bgcause the trim runs were not
extended to cover speeds much in excess of Vg = 410 miles
per hour, it is not possible to state whether or not the
trim force at the highest permissible diving speed

(V{ = 468 mph) would be under the max1mum allowable value
of 10 pounds.

Se Rudder and aileron trimming devices

The ruvdder and aileron trimming devices wonld retain
a gilven setting indefinitely as required.

C. Stalling Characteristics

The stalling characteristics of the P-29D-1 airnlane
were Investigated for five differsnt airplane configura-
tionsg with the csnter of gravity at 25.1 percant mean
aerodynamic chord (gear up) at an estimated midPIi ght
gross welght of 7650 pounds.

1. Stalls entered from straight flight

Table IV presents the airnlane configurations in
which stalls entered from stralght flight wers mads.
The first four confl\lratloms listed are thoss for which
the stalling requirsments of reference 1 should be satis-
fled. A1l the stalls were annroached by causing the
speed to drop off slowly whils laterally level, straight-
flight was maintained by minimum use of the controls.
When the first stall breal occurred, one of ths follow-
ing three nrocedures for control manlpulat*on was used,
each procedure being used in at least two stalls in aach
configuration: (1) All three controls were fixed;
(2) the rudder was fized and the ailerons were used in
an attemnt to control ths lateral attitude while ths,
elevator was further raissed: or, (3) ths ailerons were
fix=d and the rudésr was used 1n an attempt to control
the lateral attituds while ths slevator was further
raised. A discussion of the stralﬁht ~flight stalling
characteristics follows.
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- (a) The appearance of the stall was always marked
by the simultaneous occurrence of a mild roll in either
direction and a downward pitching motion. If immediate
action was taken to effect recovery by use of the con-
trols at the first sign of stalling, the airplane still
rolled through a certain angle depending on the airplane
configuration. = The airplane would roll in either direc-
tion for any given flight configuration and tuft studies

made by tle pilot .indicated that the small degree of

asymmetrical stalling was critically affected by the yaw
angle sxisting-at. the time stalling occurred. At the
stall, the tufts always suddenly reversed direction
simultansously over large varying areas of both wings from
the root out to within about 4 feet of the ‘tips. The
ting were never observed in a stalled condition, After
the initial roll occurred, the airplane would. tend to
return to laterally level flight with or without use of
ths controls and then a lateral and pltching oscillation
would é¢nsiue ag the stall progressed to higher normal
accelerations and airspeeds. . SRR

(b) In every’condition tested, the stall developed
abruptly. There was no warning of the ‘approaching stall
either in the form of buffeting and shaking of the air-
vlane or controls, or in ‘the form of a marked increase
in the rearward movement of or force 'on the control stick.
At the stall break, the ailerons floated in such a manner
that the stick tended to move in the direction of the
initial roll. This action occurred too late to constitute
a warning, however,  The movements of the controls re-
quired for trimming during the stall approach were never
grzat enovgh to -be considered important as stall warnings.
Figure 52 is a time history of a stall showing the typical
absence of warning and ensulng motions of the airplane
when the controls were fixed at the stall break.

(¢) :In any condition, at any time after the stall
occurred, recavery could be effected vromptly by apnly-
ing down elevator. The ailerons were relatively in-
effective in controlling the lateral attitude during
the stall. If the elevator was held fixed or raised
to a greater angle, the airplane would ultimately roll
against full aileron control, The rudder appeared to
be slightly more effective than the ailerons, However,
use of the rudder generally resulted in extreme oscilla-
tory rolling velocity and sideslip variations. An ex-
ample of the large amplitude oscillations occurring in a
rudder-controlled stall is shown in figure 5Z.
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(d) The rolling and yawing moments due to. stalling
in landings were investigated by performing fully stalled
landings. Uncentrollable yawing moments were not ex-
perisnced during stalled landings, but the rolling motion
was objectionable. : :

2. Stalls entered from turning flight

Stalls from turning flight wesre made with the alr-
plane in each of the first five configurations given in
table IV. For the flap-down configurations, the turns
were entered from trim at an indicated speed of about
- 150 miles per hour, For the flap-up configurations,
the corresponding trim speed was about V3 = 230 miles
per hour. = After instability due to stalling was

encountered, the effectiveness of all the controls was
investigated. : " v

The stalling characteristics in turning flight were
very similar to those of straight flight: The stalled
turns were characterized by lateral, directional, and
pltching oscillations which increased in intensity with
increased up-elevator deflection; the ailerons tendsad
to float in the direction of the roll, the adverse
stick forces being greater because of the higher speeds;
and tuft studies indicated that the flow breakdown
occurred in a similar manner to that observed in the
stalls entered from straight flight. A time history
of a stalled turn made with the airplane in the clean-
‘condition using rated power is shown in figure S54.

There was no adequate warning of the approaching
stall in any airplane configuration specified in the
requirements of reference 1. In the clean condition
with engine idling, there was a slight shuddering of
the airplane immediately before the stall occurred.

Recovery could always be effected promptly during
stalled turns by applying down elevator, - The ailerons
and rudder were effective in controlling the lateral
attitude for some time after the initial stall occurred
but continued application of up-elevator soon led to
excessive yawing and rolling.

These tests indicate that the airplane doss not
make a good gun platform at angles of attack very near
that of the stall because of the lateral instablility
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which accompanies the stall, Although the stall can
occur without complets loss of control, and recovery
1s positive, the rolling that occurs results in direc-
tional changes that wounld male following a target most
difficult.

D. Control Friction

The friction in each of the three control systems
was determined by obtaining continuous sychronized
records of control position and force as the controls
were slowly moved through their deflection ranges.

These tests were made under static conditions with the
temperature at about 70° F,. .The-friction  characteristics
of the elevator and aileron controls are presented
graphically in figure 55.

When the control friction of the P-59D-1 alrplane
1s compared with the maximum allowable specifications of
reference 1, the results. may be expressed in tabulgr
form as follows- :

Friction at -Méximum'allowable

Control neutral deflection friction at neutral deflection
(1b) (1b)
Elevator 1.7 o 2,14
Aileron 2.3 . . '1.07
Rudder 2.0 o 10,00
CONCLUSIONS

Results from the flying-qualities tests mads with
the Bell P-39D-l airplane (A.A.F. No. 41-28378) may be
summarized as follows: :

A. Longitudinal Stability and Control Characteristics

1. The short~perlod, control-free longitudinal
oscillations damp out completely in less than two cycles
In all conditions tested. v

2. The center-of-gravity positions (percent mean
asrodynamic chord) at which static longitudinal stability
1s neutral, as determined by tests at two center-of-
gravity positions, are as follows.



“Airplane C1, Stick-fixed | Stick-free
condition C Cefe Cello
Maximum level-| 0.2 (trim) 3.0 36,7
flieght speed .8 32,8 30,2
Climbing 0.45 (trim) - 2245 22,0
75 psrcent . . ' - 2
rated mower - 0-55 (trim) | 55'2 ;§°§
cruising .= : CL : 0.
Cruising maxi-{ 0.45 (trim) 3E.0 20.2
mum range .8 31.7 29.0
S 1 0.2 (trim) 5.6 38.1
Gliding - - .8 : 35.6 21.8
o 0.75 (trim) 35,0 ————
Wave-of'f 1.2 4.6 -
Landing 0.75 (trim) 3945 27.7
approach 1.2 36.0 27.2
, 0.75 (trim) 5640 24,0
Landing 1.2 36.0 24,0
Z

Z. A large increase in stick-free stability is
experisnced at high sveed. It is susnected that this
increase in stability is due to bulging of the slevator
fabric or deformation of the tail plane.

4, A loss in stability due to freesing the elevator
is experisnced in all flight conditions at low and
noderate speeds, As closely as is determinable from
the data obtained this loss amounts to a shift in the
neutral point of about 3 percent mean aerodynamic chord.

5. In the clean, rated-rowsy condition, the stick
novements required to change the Cr from 0.2 in straight
flight to CLméx in steady turning flight at about
1C,000 fzet altitude for the two center-of-gravity
nositions tested are:




Center-of-gravity position, Rearward stick movement,

varcent M.A.C. , in. at stick grin
20.2 . 1.0
£5.1 2.2

6. In the clean, rated-power condition, the sle-
vator stick force gradients as measured in steady turn-
ing flight at about 10,000 fest altitude for the two
center-of-gravity positions tested are:

Center-of—graviﬁy position, St:ck-fOICA/gradient,
g

percent M.A.C. | (1»
 30.2 : 1.9
25,1 ' 7ol

7. The elevator control is ample for landing and
take-off with the center of gravity anywhere in the
permissible range. '

8. The effectiveness of the longitudinal trimuing
control 1s adequate.

8. At V3 = 125 miles per hour the changes in stick
force required to trim dus to changes in flap, gear, and
power ars never more than 3 pounds.

10. The slevator trimming device will keep a glven
setting indefinitely. '

11, In the rated-powsr conditions the pitching moment
due to sideslip is such that more than 1° change in ele-
vator angle is required to trim when the sideslip is
changed From that for straight, laterally level flight
to an angle corresponding to a 5° change to the r10n+ in
rudder angle. For a left rudder dsflesction of 50 from
the same trim with rated powe and for power-off in
either direction, less than 1° change in slevator angle
is required tc maintain the initial speed.

B. Lateral and Directional Stability and Control
1. The spiral divergence is rnot objectionabls.

2. The control-free, short-period, lateral and
directional oscillations damp to one—half amplitude -
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in lsss than two cycles in all conditlons tested. -
Oscillations of the controls damp completsly within

orie ¢cycle but the ailsrons do not return to trim after

being abruntly deflected and raleased at low speeds.

2. Wnen the ailerons are fully deflected with the
rudder held fixed in its trim position at 120 percent
of the stalling speed, either in the clean or landing
condition of flight, the maximum angle of sideslip
developed is less than 20°.

4., The vawing moment due to sideslip is such that
the airplane exnibits satisfactory variations of rudder
angle with sideslip angle in all conditions tested
except in small ranges of sideslip angles near trim in
the clean configurstion, either with rated power or
with power off. ¥ild rudder-force reversals occur or
are imminsnt in sideslips to sither direction at low
speeds with rated power, either with flaps up or down.

5. The stick-fixed dihedral effect is neutral to
negative in certain rangss of left sideslip angls with
rated zower at low speceds with flaps sither up or dowi.
The stick~free dihedral effect is negative in all flight
conditions below an indicated speed of about 200 miles -
per hour.

6. With rudder fixed, the rolling veloclty never
reverses duse to yaw resulting from full aileron deflec~-
tion, the reduction in roliing velocity due to this effect
being slighte.

7. The side force dus to =sideslip is always in the
correct direction.

8, The rudder-control characteristics are satis-
factory in all respescts for overcoming adverse aileron
yaw, for maintaining straight ground paths during take-
off and landing runs, and for maintaining straight flight
paths with the wings levzsl at any permissible speed in
any configuration.

9. Although the response to abrupt appllication of
aileron control is satisfactory, the aileron effectiveness
is insufficient in nearly all flight conditions. Full -
aileron deflection at low speeds producss average values
of pb/2V of about 0.06 or 0.065 in any airplane




29

configuration as compared to desired values of 0,09
and 0,07 for the maneuvering and landing conditlions of
flight, respectively. At an indicated airspeed of
410 miles per hour, pronounced bulging of the aileron
faoric was noted. : . ‘

10. The ailerons are overbalanced throughout the
level-flight speed range; this overbalance covers a
progressively smaller percentage of the total deflection
range as the speed increases. Above maximum lesvel-
flight speed, the overbalance entirely disappsars. The
speed at wkich full aileron deflectlon is accompanied
by a stick force of 50 pounds LS about 35 percent of the
maximum level-flight speed.

1. In straight, laterally level flight, the vari-
ation of aileron stick force required to trim with a
given tab setting is desirably small up to about 400 miles
per hour indicated airspeed. At V3 = 410 miles per
hour, howevar, a sudden ‘increase in stick force of & to
8 pounds to the left 1s required to maintain trim,

12, The rudder and aileron trimming devices retaln
any given setting indefinitelye.

C. Stalling Characterisfics

1. The stall always occurs abruptly with essentially
no warning whether entered from straight or turning flight.

2. Recovery from a stalled conditicn can always be
promptly effected by the application of down elevator.

3., TUncontrollable yawing motions ars not encountered
in stalled landings although the rolling 1s objectionable.

4, The airnlane does not constitubte a zood gun
platform in the region of the stall bsecause abrupt roll-
ing occurs when ths airplane stalls; this rolling results
in directional changes which would make following a
target very difficult.
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D. Control Friction

Friction in the elevator and rudder control systems
is desirably small, The aileron control system.friction

is about twice as great as the maximum amount con31dered
desirable.

Langley Memorial Aercnautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,, Septembsr 21, 1943.
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 APPENDIX
GENERAL SPECIFICATIONS OF ATRPLAVE

Name and tYDE «evcecececessssocossseasssssse Boll P-3¢D-1
(A.4.7, Wo. 41-28378)
BNZINE ceeveosnveescsscscssssncssossss Allison V-1710-35
Rating: : B
TaKE =0 e e eensesisecnossseass 1150 hp at 3C00 rpm at
sea level
Maximum continuous ....veesee 1000 hp at 2600 rpm at
~ 10,800 £t
Military .vveecesecsavcansess 1150 hp at 3000 rpm at
12,000 £t
SUPETrChArEET vesesssvseasssss Sinsle-stage, single-spesd
Supercharger gear ratlociicecscsesosecssasssssns 8821
Propeller s.eeeeeicssscsscssansss Curtiss constant-speed
Diamoter scvecetsosasscacccvssnscnscnnes 10 ft 4% 11

Numbsr of blades R R T RERRI I I AR AT ISP SEAC SR SRS RCNY SUS I N 3

Gear Tatlo eeeiecrensosesrsascrosescsascssssscacs 1laB821
Fuel capacity (without belly tank), gal...........es 120
0il capacity (including 2 gal in gear box), gal.... 11,7
Weight empty, 1D seveeesesssecosssssosssessscscsnss 0099
Normal gross weighf, 1D s.erecesecrcscsconcasssaoee 1847
Permiscgible c.g. range, vercoant M.A.Ce oseeeeess 23 tc 31
" Weight as flown for tests (at take-off)

c.g. at 30.2 percent M,A.C. (gear up),lb ...cee.. 7600

c.g. at 25.1 percent M.a.C. (gsar up),1b ceeeesss 7800
Wing loading (normal gross weight),1lb/sg £t ...... 36.72
Powsr loading (normal gross weight, 1000 hip),1b/hp _7.83

Over-all height (taxying position) ........ 9 It 37 in.

Over-all length .ioceoesescssncnassssanasess 30 £ & in,
Wing:
Span, £t ecevecesecerssevsssescsccscsssssancasccse 440
Area (including ailerons and section through
fusslage), SQ £t coeeecernoorsanssnsnensasasssse 213.2
Alrfoll section, root cvieveeeericecieones... NACA 0015
Airfoll section, tip seceeevscesevnsassese, NACA 23009
ASPECT T21E10 weveevrococsescnseasoncsosnssasnscses Dedd
Mcan aerodynamic chord, ft eeeeececcsccsncsassses 6472
Leading edge M.A.C., in. aft L.E. root chord .. 5.41
Tapery Y2810 cevcoosescscsiosssscsnosnssssscsssssss Le97
Dihedral (at 30 percent chord, upper surface) .... 40
Incidence from thrust axis vue.eseeevesoscscsossess 2°
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Wing flaps (split, trailing-edge type):
Al"ea, Sq ft @ 606068 60 98 486 06 8 ¢80 8 06D 090" 00° 06 6L SIS

Span (along hinge line), ine ceeeecctcsccssannse

Travel, d8E ececeeessscccoascasssossconsssssssesnss
Allerons:
Length (along hinge line), in. ceceecessecsscense
Area (aft hinge line, each, including tabs),sq £t
Fixed balance area (each), 89 ft cececsconcscnns
Balance tabs, inboard and outboard
Area (each tab), 89 ft seeseecrsnosocsoaccncsns
Span (each tab), In. tieeeesecnsoecassonacsnns
Horizontal tail: '

Span’ ft oooo.ooo-.ouo;c.tovvtoocco-o-ooooot‘oOO.

Area’ Sq ft .‘.-..'.G......-'.Di.......I...'....
Incidence from thrust axis, deg, LeEe UD cecesen

Stabilizer ar'ea, Sq ft S0 000 000 000 s0 00 b0 0000 BBl
Elevator area (aft hinge line, including '
tab), Sqft .coo--'o.-o.c-.o--nncoooooo..o;nao'
Elevator balance area, Sq ff c.ceevevecccssncscs
Elevator trim tab area, Sq 't ceeeececsoscensnes
Distance elevator hinge line to leading
edge M.A‘C.’ ft '.I.u..."‘.l......l...........
Vertical tail:
Vertical span (along hinge line), ft cevieecenes
Area, Sq ft 60 e 00000088000 0000l eeRceRasabseE

Offset from thrust axis, deg, L.Z. left ceceveen

Fin area, 8 ff seeevesscovoscssescossssnssoanss
Rudder area (aft hinge line, including _
tab), Sq ft 0 0 20 4000V 80 B L.08008 C8 SRS csseY
Rudder balance area, sq ft cecesceeveesoscncccnos
Rudder trim tab area, Sq ft e.eiceververoccvcees
Distance rudder hinge to leading edge, M.A.C.,

ft I.O.IQOOC..l‘.ﬂ..'.QODOOOOOOOOD..O'll""...
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FIGURE 4. — THREE-VIEW DRAWING OF BELL P-39D-I AIRPLANE AND
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(A) THREE-VIEW DRAWING
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Figure 8. -
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pull-up showing stick-free dynamic longitudinal
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Pigure 10, - The longltudinal stability and control characteristics of the P-39D-1 airplane

Climbing conditions: rated power (2600

Hg at 10,000 feet), forces trimmed to zero at approximate

37.2 in.
speed for best climb, flaps and gear up.

as measured in straight flight.

rpm,
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zero at speed for level

as measured in straight
for maximum range (1

Figure 12, - The longitudinal stability and control characteristics of the P-29D-1 airplane

flight, Cruising maximum range condition: power
rpm, 26 in. HE at 9000 feet), forces trimmed to
flight, flaps and gear up.
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Plguro 19. -~ Change in elevator conérol rorco as a function of :
R ~ change in normal acceleration as measured in S
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:_1} rplane.
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- Sideslip characteristics at indicated airspeed of 110 mph in the

Figure 25.
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